Background {#Sec1}
==========

The family [*Alicyclobacillaceae*](http://doi.namesforlife.com/10.1601/nm.5070) consists of four genera; [*Alicyclobacillus*](http://doi.namesforlife.com/10.1601/nm.5071), [*Kyrpidia*](http://doi.namesforlife.com/10.1601/nm.23055) *,* [*Tumebacillus*](http://doi.namesforlife.com/10.1601/nm.13169) and Effusibacillus. [*Alicyclobacillus*](http://doi.namesforlife.com/10.1601/nm.5071) spp. are known as the significant causative microorganisms of fruit juice spoilage \[[@CR1], [@CR2]\] [*Kyrpidia tusciae*](http://doi.namesforlife.com/10.1601/nm.23056), a sole characterized species of the genus [*Kyrpidia*](http://doi.namesforlife.com/10.1601/nm.23055) is a thermoacidophile which grows best under autotrophic conditions \[[@CR3], [@CR4]\]. Members of the genus [*Tumebacillus*](http://doi.namesforlife.com/10.1601/nm.13169) are mesoneutrophile which are derived from various environments, such as the Arctic permafrost, wastewater and and soil \[[@CR5]--[@CR7]\]. Genus 10.1601/nm.25720 was established in this family together with the reclassification of [*Alicyclobacillus pohliae*](http://doi.namesforlife.com/10.1601/nm.13204) as [*Effusibacillus pohliae*](http://doi.namesforlife.com/10.1601/nm.25722) and [*Alicyclobacillus consociatus*](http://doi.namesforlife.com/10.1601/nm.24587) as [*Effusibacillus consociatus*](http://doi.namesforlife.com/10.1601/nm.25723) \[[@CR8]\]. [*Effusibacillus lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ is a facultative anaerobic, Gram-positive bacterium isolated from freshwater lake sediment. Here, we descibe draft genome sequence of the type strain of this genus, [*Effusibacillus lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^. In this study, we summarize the features of [*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ and show an overview of draft genome sequence and annotation of this strain.

Organism information {#Sec2}
====================

Classification and features {#Sec3}
---------------------------

[*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ was isolated from sediments of a freshwater lake, Lake Yamanashi, Japan \[[@CR8]\]. Cell wall structure of this strain is Gram-positive type. Cells of this strain are spore-forming rods varied from 5 to 100 μm in length (Fig. [1](#Fig1){ref-type="fig"}, Table [1](#Tab1){ref-type="table"}). The major cellualr fatty acids of this strain are iso-C ~14 : 0~, iso-C ~15 : 0~ and iso-C ~16 : 0~. Respiratory quinones of this strain are MK-7 (99.5%) and MK-8 (0.5%). The cell-wall peptidoglycan of this strain consists of meso-diaminopimelic acid, alanine and glutamic acid, indicating the presence of A1γ-type polymer. This bacterium is facultative anaerobe and is capable of respiration and fermentation. Sugars, organic acids, peptides and amino acids are used for fermentative growth of this strain. Strain skLN1^T^ reduce nitrate to nitrite under anaerobic conditions in the presence of lactate. This strain cannot grow lithoautotrophically with elemental sulfur or thiosulfate under oxic/anoxic conditions in the presence nitrate.Fig. 1Photomicrograph of cells of *Effusibacillus lacus* strain skLN1^T^. Cells were grown on aerobic R2A liquid medium at 50 °C for 1 day Table 1Classification and general features of *Effusibacillus lacus* strain skLN1^T^ according to MIGS recommendationsMIGS IDPropertyTermEvidence code^a^ClassificationDomain *Bacteria*TAS \[[@CR9]\]Phylum *Firmicutes*TAS \[[@CR18], [@CR19]\]Class *Bacilli*TAS \[[@CR20]\]Order *Bacillaceae*TAS \[[@CR21], [@CR22]\]Family *Alicyclobacillales*TAS \[[@CR3], [@CR23]\]Genus *Effusibacillus*TAS \[[@CR8]\]Species *Effusibacillus lacus*TAS \[[@CR8]\]Type strain: skLN1^T^ (BDUF00000000)Gram stainVariableTAS \[[@CR8]\]Cell shapeRodTAS \[[@CR8]\]MotilityMotileTAS \[[@CR8]\]SporulationSpore-formingTAS \[[@CR8]\]Temperature range28--60 °CTAS \[[@CR8]\]Optimum temperature50--52 °CTAS \[[@CR8]\]pH range; Optimum7.0--8.5; 7.25--7.5TAS \[[@CR8]\]Carbon sourceOrganic acids, sugars, peptones, amino acidsTAS \[[@CR8]\]MIGS-6Habitatfreshwater lake sedimentTAS \[[@CR8]\]MIGS-6.3Salinity0% NaCl (*w*/*v*)TAS \[[@CR8]\]MIGS-22Oxygen requirementFacultatively anaerobicTAS \[[@CR8]\]MIGS-15Biotic relationshipFree-livingNASMIGS-14PathogenicityNoneNASMIGS-4Geographic locationYamanashi, JapanTAS \[[@CR8]\]MIGS-5Sample collectionMarch 2009NASMIGS-4.1 MIGS-4.2Latitude-Longitudenot reportedNASMIGS-4.4Altitudenot reportedNAS^a^Evidence codes - TAS Traceable Author Statement (i.e., a direct report exists in the literature), NAS Non-traceable Author Statement (i.e., not directly observed for the living, isolated sample, but based on a generally accepted property for the species, or anecdotal evidence). *NA* not avairable

The phylogenetic position of [*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ among the members of the family [*Alicyclobacillaceae*](http://doi.namesforlife.com/10.1601/nm.5070) is shown in the phylogenetic tree based on the 16S rRNA gene sequence (Fig. [2](#Fig2){ref-type="fig"}). Strain skLN1^T^, [*E. consociatus*](http://doi.namesforlife.com/10.1601/nm.25723) and [*E. pohliae*](http://doi.namesforlife.com/10.1601/nm.25722) are classified into an independent cluster in the family [*Alicyclobacillaceae*](http://doi.namesforlife.com/10.1601/nm.5070) *.* Fig. 2Phylogenetic tree showing the relationship of *Effusibacillus lacus* strain skLN1^T^ and related representatives. The maximum-likelihood tree was constructed with MEGA version 7.0.20 \[[@CR24]\] based on ClustalX version 2.1 \[[@CR25]\] aligned sequences of 16S rRNA gene. Bootstrap values (percentages of 1000 replications) of ≥50% are shown at nodes

Genome sequencing information {#Sec4}
=============================

Genome project history {#Sec5}
----------------------

[*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ was selected for genome sequencing on the basis of its 16S rRNA gene-based phylogenetic position in the family [*Alicyclobacillaceae*](http://doi.namesforlife.com/10.1601/nm.5070) (Fig. [2](#Fig2){ref-type="fig"}). Table [2](#Tab2){ref-type="table"} shows a summary of the genome sequencing project information and its association with MIGS version 2.0 compliance \[[@CR9]\]. The genome consists of 127 contigs, which has been deposited at DDBJ/EMBL/GenBank under accession number [BDUF01000000](https://www.ncbi.nlm.nih.gov/Traces/wgs/?val=BDUF01).Table 2Project informationMIGS IDPropertyTermMIGS 31Finishing qualityHigh-quality draftMIGS-28Libraries usedTruSeq Nano DNA library prep kitMIGS 29Sequencing platformsIllumina Hiseq paired-endMIGS 31.2Fold coverage282×MIGS-30AssemblersVelvet version 1.2.08MIGS 32Gene calling methodMetaGeneLocus TagEFBLGenbank IDBDUF00000000Genbank Date of ReleaseSeptember 13, 2017GOLD IDNABIOPROJECTPRJDB5819MIGS 13Source Material IdentifierSAMD00081395, DSM 27172Project relevanceEcology and evolution

Growth conditions and genomic DNA preparation {#Sec6}
---------------------------------------------

10.1601/nm.25721 strain skLN1^T^ (10.1601/strainfinder?urlappend=%3Fid%3DDSM+27172) was grown aerobically on TSB liquid medium (Daigo) at 50 °C without shaking. Genomic DNA was extracted from collected cells using Wizard® genomic DNA purification kit (Promega).

Genome sequencing and assembly {#Sec7}
------------------------------

The genome sequence of strain skLN1^T^ was determined using paired-end Illumina sequencing at Hokkaido System Science Co., Ltd. (Japan). The 11,205,386 reads were generated from a library with 100 bp inserts. After trimming of the reads, a total of 11,009,340 high-quality filtered paired end reads with a hash length of 95 bp were obtained. Reads were assembled de novo using Velvet version 1.2.08 into 127 scaffolds.

Genome annotation {#Sec8}
-----------------

vhThe genome sequence of strain skLN1^T^ was automatically annotated and analyzed through the MiGAP pipeline \[[@CR10]\]. In this pipeline, RNAmmer \[[@CR11]\] and tRNAscan-SE \[[@CR12]\] were used to identify rRNA and tRNA genes, respectively. [Meta](http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0%26id=94025)Gene Annotator \[[@CR13]\] was used for prediction of open reading frames likely to encode proteins (coding sequences), and functional annotation was performed based on reference databases, including Reference Sequence, TrEMBL, and Clusters of Orthologous Groups. Manual annotation was performed using IMC-GE software (In Silico Biology; Yokohama, Japan). Putative CDSs possessing BLASTP matches with more than 70% coverage, 35% identity and E-values less than 1 × e^−5^ were considered potentially functional genes. The CDSs were annotated as hypothetical proteins when these standard values were not satisfied. Transcription start sites of predicted proteins were corrected based on multiple sequence alignments. The protein-coding genes in the genome were also subjected to analysis on WebMGA \[[@CR14]\] for the COGs and Protein family annotations. Transmembrane helices and signal peptides were predicted by using Phobius \[[@CR15]\]. CRISPR loci were distinguished using the CRISPR Recognition Tool \[[@CR16]\]. General features of [*Effusibacillus lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ and the MIxS mandatory information were show in Table [1](#Tab1){ref-type="table"}.

Genome properties {#Sec9}
=================

The total genome of [*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ was 3,902,380 bp in size with a GC content of 50.38% (Table [3](#Tab3){ref-type="table"}). It was predicted to contain 3733 genes including 3683 protein-coding genes and 50 RNA genes (for tRNA). Approximately 77.5% of the predicted genes were assigned to COG functional categories. The distribution of genes into COGs functional categories is presented in Table [4](#Tab4){ref-type="table"}.Table 3Genome statisticsAttributeValue% of TotalGenome size (bp)3,902,380100DNA coding (bp)3,237,72982.97DNA G + C (bp)1,966,01950.38DNA scaffolds127--Total genes3733100Protein coding genes368398.66RNA genes501.34Pseudo genesNANAGenes in internal clustersNANAGenes with function prediction258869.33Genes assigned to COGs289377.50Genes with Pfam domains311183.34Genes with signal peptides43411.63Genes with transmembrane helices79921.40CRISPR repeats2--*NA* not avairable Table 4Number of genes associated with general COG functional categoriesCodecount%agedescriptionJ1654.42Translation, ribosomal structure and biogenesisA00.00RNA processing and modificationK2436.51TranscriptionL1463.91Replication, recombination and repairB10.03Chromatin structure and dynamicsD421.13Cell cycle control, cell division, chromosome partitioningV300.80Defense mechanismsT1945.20Signal transduction mechanismsM1784.77Cell wall/membrane/envelope biogenesisN762.04Cell motilityU691.85Intracellular trafficking, secretion, and vesicular transportO1253.35Posttranslational modification, protein turnover, chaperonesC2416.46Energy production and conversionG1764.71Carbohydrate transport and metabolismE3419.13Amino acid transport and metabolismF741.98Nucleotide transport and metabolismH1654.42Coenzyme transport and metabolismI1534.10Lipid transport and metabolismP1774.74Inorganic ion transport and metabolismQ832.22Secondary metabolites biosynthesis, transport and catabolismR40210.77General function prediction onlyS2717.26Function unknown--84022.50Not in COGs

Insights from the genome sequence {#Sec10}
=================================

[*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ possesses genes of key enzymes for dissimilatory nitrate reduction, i.e. *napA* (locus tag: EFBL_1421), *narGHJI* (EFBL_3070--3073), *nirK* (EFBL_0113), *norB* (EFBL_3053), *nrfA* (EFBL_2499) and related genes. Both genes for membrane-bound and periplasmic nitrate reductases (*narG* and *napA*) were identified in the genome. A protein coded in the 61,298--63,379 bp region of contig095 showed high amino-acid sequence similarity (≤ 74%) to nitrous-oxide reductase (Nos*Z*), although the region was not annotated as *nosZ* gene because of the internal assembly gaps. Genome of [*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ contains the genes for complete denitrification to N~2~ gas (*nirK*, *norB* and *nosZ*) and dissimilatory ammonification (*nrfA*), although end product of nitrate reduction identified in the previous study was nitrite \[[@CR8]\]. The reduction of nitrate to nitrite was reported in several species in the family [*Alicylobacillaceae*](http://doi.namesforlife.com/10.1601/nm.5070), but denitrifying organisms have not been reported in this family. Genetic components involved in dissimilatory nitrate reduction were not found in the genome of [*Effucibacillus pohliae*](http://doi.namesforlife.com/10.1601/nm.25722) strain 10.1601/strainfinder?urlappend=%3Fid%3DDSM+22757 ^T^. [*Kyrpidia tuscia*](http://doi.namesforlife.com/10.1601/nm.23056) *e* 10.1601/strainfinder?urlappend=%3Fid%3DDSM+2912 ^T^ possesses *norB* gene, but genes for the other denitrification enzymes were not found in the genome of this strain \[[@CR17]\]. Additionally, genes for dissimilatory sulfur oxidation were not identified in the genome of [*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^, although this organism was isolated from a sulfur-oxidizing enrichment culture \[[@CR8]\].

Conclusions {#Sec11}
===========

This study contributed to the knowledge of genome sequences of the genus 10.1601/nm.25720 within the family [*Alicyclobacillaceae*](http://doi.namesforlife.com/10.1601/nm.5070). The genome of [*E. lacus*](http://doi.namesforlife.com/10.1601/nm.25721) strain skLN1^T^ consists of 3683 protein-coding genes and 50 RNA genes. Genes involved in dissimilatory nitrate reduction were identified in the genome of this organism.
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